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$\mathcal{D}^{b}(\Sigma)=\langle \mathcal{A}_{0}, \mathcal{A}_{1}(1), \ldots, \mathcal{A}_{i-1}(i-1)\rangle,$
$0\subset \mathcal{A}_{i-1}\subset\cdots\subset \mathcal{A}_{1}\subset \mathcal{A}_{0}$
SOD Lefschetz decomposition $(LefD)$
$\Sigma^{*}\subset \mathbb{P}(V^{*})$
$H$ $\Sigma$ $\Sigma_{H}$







2 ($\mathbb{P}^{n}$ 2 Veronese HPD).
1897 2014 161-171
$\mathcal{A}_{k}(k)\hookrightarrow \mathcal{D}^{b}(\Sigma)arrow \mathcal{D}^{b}(\Sigma_{H})$ ( ) $1\leq k\leq i-1$
fully faithful $\mathcal{A}_{1}(1),$ $\ldots,$ $\mathcal{A}_{i-1}(i-1)$ $\mathcal{D}^{b}(\Sigma_{H})$
(semiorthogonal collection, SOC)
$C_{H}$
$\mathcal{D}^{b}(X_{H})=\langle C_{H}, \mathcal{A}_{1}(1), \ldots, \mathcal{A}_{i-1}(i-1)\rangle$
3. $C_{H}$ $\Sigma^{*}\neq \mathbb{P}(V^{*})$ $[H]\cap\Sigma^{*}$
$[H]\cap\Sigma^{*}=\emptyset$ $[H]\cap\Sigma^{*}=\emptyset$
$C_{H}=0$










$G(r-1, V^{*}),$ $G(r, V^{*})$
$F(r-1, r, V^{*})$ 1
$\mathcal{D}^{b}(\Sigma_{H})$ $\mathcal{D}^{b}(\Sigma_{1})$ $C$ $\langle \mathcal{A}_{1}(1)\otimes$
$\mathcal{D}^{b}(\mathbb{P}(V^{*})),$
$\ldots,$
$\mathcal{A}_{i-1}(i-1)\otimes \mathcal{D}^{b}(\mathbb{P}(V^{*}))\rangle$ $\mathcal{D}^{b}(\Sigma_{1})$ ;
$\mathcal{D}^{b}(\Sigma_{1})=\langle C, \mathcal{A}_{1}(1)\otimes \mathcal{D}^{b}(\mathbb{P}(V^{*})), \ldots, \mathcal{A}_{i-1}(i-1)\otimes \mathcal{D}^{b}(\mathbb{P}(V^{*}))\rangle.$
$\Sigma^{*}$ $C$
$C$ $\mathcal{D}^{b}(\Sigma)$ $LefD$ SOC :
$\langle C_{j-1}(1-j), \ldots, C_{1}(-1), C_{0}\rangle\subset C,$
$0\subset C_{j-1}\subset\cdots\subset C_{1}\subset C_{0},$
$j:=N-1- \max\{k|\mathcal{A}_{k}=\mathcal{A}_{0}\}$
SOC dual Lefschetz collection (dual Lef. $C$ )
HPD $C$
1($HPD$ ). $\Sigma^{*}\subset \mathbb{P}(V^{*})$ $LefD$
$\Sigma$ HPD $,$ $\exists \mathcal{K}\in \mathcal{D}^{b}(\Sigma_{1}\cross \mathbb{P}(V^{*})\Sigma^{*})$ , Fourier-Mukai ($FM$
3 ( ) $\langle \mathcal{A}_{1}(1),$ $\ldots,\mathcal{A}_{i-1}(i-1)\rangle$ $\mathcal{D}^{b}(\Sigma_{H})$ $C_{H}$
$C\in C_{H},$ $A\in\langle \mathcal{A}_{1}(1),$ $\ldots,\mathcal{A}_{i-1}(i-1)\rangle$ $Hom(A, C)=0$
$C$






( $\Phi_{\mathcal{K}}$ $\mathcal{D}^{b}(\Sigma^{*})$ $C$ )
2(HPD ( [4] )).
(1) $\Sigma^{*}$ $\mathcal{D}^{b}(\Sigma^{*})$ $C$ dual Lef $C$ dual
$LefD$ ;
$\mathcal{D}^{b}(\Sigma^{*})=\langle \mathcal{B}_{j-1}(1-j), \ldots, \mathcal{B}_{1}(-1), \mathcal{B}_{0}\rangle.$




$C_{L}$ $\mathcal{D}^{b}(\Sigma_{L}),$ $\mathcal{D}^{b}(\Sigma_{L}^{*})$ $\mathcal{D}^{b}(\Sigma_{L})$ ,
$\mathcal{D}^{b}(\Sigma_{L}^{*})$ SOD :
(2.2) $\mathcal{D}^{b}(\Sigma_{L}) = \langle C_{L}, \mathcal{A}_{r}(1), \ldots, \mathcal{A}_{i-1}(i-r)\rangle.$






$S$ $i$ $\mathcal{E}$ $\mathbb{P}(\mathcal{E})$
Grothendick Proj $p:\mathbb{P}(\mathcal{E})arrow S$
$p_{*}\mathcal{O}_{\mathbb{P}(\mathcal{E})}(1)=\mathcal{E}^{*}$ Orlov
4 $r\ovalbox{\tt\small REJECT}$ $\Sigma$ $\Sigma_{L}$
$5_{\Sigma}$












$\mathcal{D}^{b}(\mathbb{P}(\mathcal{E}))=\langle \mathcal{A}_{0}, \ldots, \mathcal{A}_{i-1}(i-1)\rangle,$
twist $\mathcal{O}_{\mathbb{P}(\mathcal{E})}(1)$
$V^{*}:=H^{0}(\mathbb{P}(\mathcal{E}), \mathcal{O}_{\mathbb{P}(\mathcal{E})}(1))\simeq H^{0}(S, \mathcal{E}^{*})$
$\mathcal{O}_{\mathbb{P}(\mathcal{E})}(1)$
$V^{*}\otimes \mathcal{O}_{\mathbb{P}(\mathcal{E})}arrow \mathcal{O}_{\mathbb{P}(\mathcal{E})}(1)$
$f:\mathbb{P}(\mathcal{E})arrow \mathbb{P}(V)$ HPD $\mathbb{P}(V)$
$\mathbb{P}(V)$ $\mathbb{P}(\mathcal{E})$ HPD
3($\mathbb{P}(\mathcal{E})$ HPD).
$0arrow \mathcal{E}^{\perp}arrow V^{*}\otimes \mathcal{O}_{S}arrow \mathcal{E}^{*}arrow 0$
$\mathcal{E}^{\perp}$
$\mathbb{P}(\mathcal{E}^{\perp})arrow \mathbb{P}(V^{*})$ $\mathbb{P}(\mathcal{E})$
( $LefD$ ) $HPD$ $\mathcal{P}_{1}arrow \mathbb{P}(V^{*})$ $\mathbb{P}(\mathcal{E})$





$\langle \mathcal{A}_{1}(1),$ $\ldots,\mathcal{A}_{i-1}(i-1)\rangle$ $C_{H}$
$HPD$ $\mathbb{P}(\mathcal{E})_{H}arrow S$ $[H]\in \mathbb{P}(V^{*})$
$H$ $s\in S$ $\mathcal{E}$
$\mathcal{E}\otimes_{\mathcal{O}_{S}}k(s)\subset V$ $\mathbb{P}(\mathcal{E}\otimes_{\mathcal{O}_{S}}k(s))$ $H$
$\mathcal{E}^{\perp}$
4. Reye
Reye $\mathbb{P}^{n}$ $\Sigma=S^{2}\mathbb{P}^{n}$ $HPD$
8. $n=4$
( ) Calabi-Yau 3-fold $X$
Calabi-Yau 3-fold $x$




7 $Z\subset \mathcal{P}_{1}\cross p(V^{*})\mathbb{P}(\mathcal{E}^{\perp})$ $Z=\mathcal{P}_{1}\cross s\cross P(V^{*})\mathbb{P}(\mathcal{E}^{\perp})$
$\mathcal{P}_{1}$ $(x, s,p)(s\in S, x\in \mathbb{P}(\mathcal{E}\otimes k(s))\subset \mathbb{P}(V),$ $p\in \mathbb{P}(V^{*})$
$x$ $p$ ), $\mathbb{P}(\mathcal{E}^{\perp})$ $(y,t)(t\in S, y\in \mathbb{P}(\mathcal{E}^{\perp}\otimes k(t))\subset \mathbb{P}(V^{*}))$
$\mathcal{P}_{1}\cross sxP(V.)\mathbb{P}(\mathcal{E}^{\perp})$ $(x, s,y)(s\in S, x\in \mathbb{P}(\mathcal{E}\otimes k(s))\subset \mathbb{P}(V)$ ,








$S^{2}\mathbb{P}(V)$ $\mathbb{P}(V)$ 2 0-
Chow $\mathbb{P}(V)$ 2 $0$
Hibert
$G(2, V)$ 2 $\mathcal{U}$ Hibert
$p:\mathbb{P}(S^{2}\mathcal{U})arrow G(2, V)$ $G(2, V)$ $\mathbb{P}(V)$
$l$ $[l]$ $p$ $l$
2 $0$ $(\mathbb{P}(V)$ 2 $0$
$\mathbb{P}(V)$ ) $S^{2}\mathbb{P}(V)$ $\mathbb{P}(V)$ 2






$0arrow \mathcal{W}arrow S^{2}V^{*}\otimes \mathcal{O}_{G(2,V)}arrow S^{2}\mathcal{U}^{*}arrow 0$
$G(2, V)$ $\mathcal{W}$ $\mathbb{P}(\mathcal{W})$ $\mathbb{P}(V)$
2 10.
4.1. $S^{2}\mathbb{P}^{2}$
$\mathbb{P}(V)\simeq \mathbb{P}^{2}$ 2 2 $\mathbb{P}(\mathcal{W})arrow$
$\mathbb{P}(S^{2}V^{*})$ 2 $\mathbb{P}(S^{2}V^{*})$ 3
$\mathscr{H}$ (3 ) 2
$(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}arrow \mathscr{H}$ 11. 2
$\mathscr{H}$ 2 $\mathbb{P}(\mathcal{W})arrow$
$\mathscr{H}$ 2 $\mathbb{P}(\mathcal{W})\simeq(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}$,
$\mathcal{W}\simeq \mathcal{O}_{(\mathbb{P}^{2})}*(-1)^{\oplus 3}$ $(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}arrow \mathscr{H}$









$S^{2}\mathbb{P}^{2}\cap \mathbb{P}(L^{\perp})$ $\mathbb{P}(L^{\perp})\simeq \mathbb{P}^{2}$ 3 $C_{1}$ $\mathbb{P}(S^{2}\mathcal{U})$
$L$ $C_{1}$ $\mathscr{H}\cap \mathbb{P}(L)$ $\mathbb{P}(L)\simeq \mathbb{P}^{2}$ 3
$10_{S^{2}\mathbb{P}^{n}}$




$12_{S^{2}\mathbb{P}^{2}}$ toy example (
)
$L$ - $(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}$ $C_{2}$ 3
2 $(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}$
$(1,1)$ 3
2, 3 $C_{1}$ $C_{2}$
$C_{1}\simeq C_{2}$ $j$
$S^{2}\mathbb{P}^{2}\cap \mathbb{P}(L^{\perp})$ $\mathbb{P}(L^{\perp})\simeq \mathbb{P}^{3}$ 3 $S$ $L$
$S^{2}\mathbb{P}^{2}$ $v_{2}(\mathbb{P}^{2})$ $\mathbb{P}(L^{\perp})$ 4
4 $ODP$ $S$ $\mathbb{P}(S^{2}\mathcal{U})$ $Tarrow S$
4 $\mathbb{P}(L)\simeq \mathbb{P}^{1}\subset \mathbb{P}(S^{2}V^{*})$
$\mathbb{P}^{2}$ 2 2 $q_{1},$ $q_{2}$
$q_{1}\cap q_{2}$ $t_{1},$ $\ldots,t_{4}$ $t_{i}$ $t_{j}(1\leq i<j\leq 6)$
$\mathbb{P}^{2}$
$m_{ij}$
$L$ 2 $\mathscr{H}\cap \mathbb{P}(L)$
2 $m_{12}\cup m_{34},$ $m_{13}\cup m_{24},$ $m_{14}\cup m_{23}$
3 $(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}$ $([m_{12}], [m34])$ ,
$([m_{34}], [m_{12}]),$
$\ldots$ 6 $p_{1},$ $\ldots$ , $p_{6}$ 2, 3
$\mathcal{D}^{b}(T)=\langle \mathcal{D}^{b}(p_{1}), \ldots, \mathcal{D}^{b}(p_{6}),p^{*}\mathcal{D}^{b}((\mathbb{P}^{2})^{*})(1)\rangle$
$p:\mathbb{P}(S^{2}\mathcal{U})arrow \mathbb{P}(2,V)=(\mathbb{P}^{2})^{*}$
$T$ $(\mathbb{P}^{2})^{*}$ $S$ 3 6
6 $p_{1},$ $\ldots,p_{6}$ $(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}arrow(\mathbb{P}^{2})^{*}$
( - ), $[m_{ij}]\in(\mathbb{P}^{2})^{*}$
$(1\leq i<j\leq 6)$ $\iota\breve{}\acute{}$ - $\mathbb{P}(L)$
2 $m_{ij}$ 2
$\mathbb{P}(S^{2}V)$ $\mathbb{P}(S^{2}\mathcal{U})$ $p:\mathbb{P}(S^{2}\mathcal{U})arrow(\mathbb{P}^{2})^{*}$ $[m_{ij]}$
$\mathbb{P}(L^{\perp})$ $[m_{ij}]$ 1
6 $Tarrow(\mathbb{P}^{2})^{*}$ $[m_{ij}](1\leq i<j\leq 6)$
$\mathcal{D}^{b}(T)$ SOD
Orlov
$\mathbb{P}(L^{\perp})\simeq \mathbb{P}^{1}$ $S^{2}\mathbb{P}(V)\cap \mathbb{P}(L^{\perp})$ 3 $\mathbb{P}(S^{2}\mathcal{U})$
$p_{1},p_{2},p_{3}$
$\mathbb{P}(L)\simeq \mathbb{P}^{3}$ $(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}$
$S$ $6$ del Pezzo 2, 3
$\mathcal{D}^{b}(S)=\langle \mathcal{B}_{2}(-1), \mathcal{D}^{b}(p_{1}), \mathcal{D}^{b}(p_{2}), \mathcal{D}^{b}(p_{3})\rangle$
$S$ 6 del Pezzo
$(\mathbb{P}^{2})^{*}\cross(\mathbb{P}^{2})^{*}arrow(\mathbb{P}^{2})^{*}$ $S$ $(\mathbb{P}^{2})^{*}$ 3
3 $p_{1},p_{2},p_{3}$ $\mathbb{P}(S^{2}\mathcal{U})arrow(\mathbb{P}^{2})^{*}$
$p_{i}$
$\mathbb{P}^{2}$ 2 $(x_{i}, y_{i})$ $L$ $L^{\perp}$ $\mathbb{P}(L)$















$\mathbb{P}(S^{2}\mathcal{U})$ $-3H-L_{G}$ $H$ $\mathcal{O}_{S^{2}\mathbb{P}^{3}}(1)$
$L_{G}$ $\mathcal{O}_{G(2,V)}(1)$
$\mathbb{P}(\mathcal{W})$ $\mathbb{P}(V)\simeq \mathbb{P}^{3}$ 2
2 $\mathbb{P}(\mathcal{W})arrow \mathbb{P}(S^{2}V^{*})$
4 2 $\simeq \mathbb{P}^{1}\cross \mathbb{P}^{1}$ $\mathbb{P}(S^{2}V^{*})$
2 $\mathbb{P}^{1}$ ( $\mathbb{P}^{1}\cross \mathbb{P}^{1}$
),
$\mathbb{P}(\mathcal{W})arrow \mathbb{P}(S^{2}V^{*})$ Stein $\mathbb{P}(\mathcal{W})arrow \mathscr{Y}arrow \mathbb{P}(S^{2}V^{*})$
$\mathscr{Y}arrow \mathbb{P}(S^{2}V^{*})$ 3 2 $\mathbb{P}(S^{2}V^{*})$
$\mathscr{H}$ 2 $\mathscr{H}$ 4
4 ( Cayley quartic symmetroid).
$\mathbb{P}(\mathcal{W})arrow \mathscr{Y}$ 3 $\mathbb{P}^{1}$ ( 4
3 2 2
$\mathbb{P}^{1}$
) $\mathbb{P}(\mathcal{W})$ $-7M-L_{G}$ $M$ $\mathcal{O}_{\mathbb{P}(S^{2}V^{*})}(1)$
$L_{G}$ $\mathcal{O}_{G(2,V)}(1)$
$r=3$ $v_{2}(\mathbb{P}^{3})$ 8
$L$ $v_{2}(\mathbb{P}^{3})\cap \mathbb{P}(L^{\perp})$ $\iota$ 8 $X:=S^{2}\mathbb{P}^{3}\cap$





$\grave{}$ [1], [$8|,$ $[7|$ $X$ $\mathbb{P}(S^{2}\mathcal{U})$ $\tilde{X}$
$\tilde{X}arrow X$ 8 $\frac{1}{2}(1,1,1)$ $Z$ $\mathbb{P}(L)$ $\mathbb{P}(\mathcal{W})$
$Z$ smooth 3-fold $Y$ $\mathbb{P}(L)\simeq \mathbb{P}^{2}$
$\mathscr{Y}$
$Yarrow \mathbb{P}(L)$ 4 $C:=\mathscr{H}\cap \mathbb{P}(L)$
2 $L$ $C$ $Y$ 2
del Pezzo $C$ $\mathbb{P}(L)$




$\tilde{X}--*Z$ $\tilde{X}$ $Z$ 13
$\tilde{X}$ $Z$
( 2,3 )
$G(2, V)$ $\tilde{X}$ $Z$ $S^{2}\mathcal{U}$ $\mathcal{W}$
$s\in G(2, V)$ $S^{2}\mathcal{U}$ $\mathcal{W}$
$W_{s}^{\perp}\subset S^{2}V,$ $W_{s}\subset S^{2}V^{*}$ $L_{3}\subset S^{2}V^{*}$ $\mathbb{P}(L_{3})=$
(4.1) $\dim(W_{s}^{\perp}\cap L_{3}^{\perp})=\dim(W_{s}\cap L_{3})$
$\dim S^{2}V=\dim W_{S}+\dim L_{3}$ $\dim(W_{s}^{\perp}\cap L_{3}^{\perp})=$
$\dim S^{2}V-\dim(W_{s}+L_{3})=\dim S^{2}V-\dim W_{s}-\dim L_{3}+\dim(W_{s}\cap L_{3})=$
$\dim(W_{s}\cap L_{3})$ $s\in G(2, V)$
$\tilde{X}$ (resp. $Z$)
$\dim(W_{s}^{\perp}\cap L_{3}^{\perp})\geq 1$ $($ resp. $\dim(W_{s}\cap L_{3})\geq 1)$
(4.1) $G(2, V)$ $\tilde{X}$ $Z$
$\mathbb{P}(S^{2}\mathcal{U})$ $\mathbb{P}(\mathcal{W})$ $-K_{\tilde{X}}=L_{G}|_{\tilde{X}}$ and $-Kz=L_{G}|z$
$(-K_{\tilde{X}})^{3}>0,$ $(-K_{Z})^{3}>0$
$G(2, V)$ $Xarrow$ $Zarrow$
$\tilde{X}arrow$ $Zarrow\overline{X}$
$\tilde{X}$ $Z$ $G(2, V)$
3 $\tilde{X},$ $Z$ 2 3
























$\mathcal{D}^{b}(X)=\langle\iota_{1*}\mathcal{O}_{E_{1}}(-1), \ldots, \iota_{S*}\mathcal{O}_{E_{8}}(-1), \mathcal{D}_{X}\rangle$
$\mathcal{D}_{X}$ ( Kuznetsov $\mathcal{D}^{b}(X)$
$\mathcal{O}_{X}$ - $\mathcal{R}$ $\mathcal{D}_{X}\simeq \mathcal{D}^{b}(X, \mathcal{R})$
$\mathcal{D}^{b}(X, \mathcal{R})$ )
$C$ $\mathcal{D}_{X},$ $\mathcal{D}^{b}(Y)$ :





HPD [5] ( $V$ )
$v_{2}(\mathbb{P}(V))$ $LefD$ $v_{2}(\mathbb{P}(V))$ HPD
$\mathcal{D}^{b}(\mathbb{P}(S^{2}V^{*}), \mathcal{B}_{0})$
$\mathcal{B}_{0}$ Clifford
$\mathcal{D}^{b}(\mathbb{P}(S^{2}V^{*}), \mathcal{B}_{0})$ $\mathbb{P}(S^{2}V^{*})$ $\mathbb{P}(V)$ 2
$\mathcal{B}_{0}$ (2
Clifford ) $Zarrow Y$ $\mathbb{P}^{1}$
14, [3] $\mathcal{D}^{b}(Z)=\langle \mathcal{D}^{b}(\mathbb{P}(L),\mathcal{B}_{0}),$ $\mathcal{D}^{b}(Y)\rangle$
$\mathcal{D}^{b}(\mathbb{P}(L), \mathcal{B}_{0})$ $\mathcal{B}_{0}$ $v_{2}(P(V))$
2 $\mathcal{D}^{b}(\mathbb{P}(L), \mathcal{B}_{0})=\langle \mathcal{D}^{b}(v_{2}(\mathbb{P}(V)\cap \mathbb{P}(L^{\perp}))),$ $\mathcal{B}_{-1},$ $\mathcal{B}_{0}\rangle$
$\mathcal{B}_{k}:=\mathcal{B}_{0}\otimes \mathcal{O}_{\mathbb{P}(L)}(k)$
$\mathcal{D}^{b}(Y)=\langle C_{Y},$ $\mathcal{O}_{Y}(-K_{Y})\rangle$











14 $\dim V$ $r$
$r=4$ $S^{2}\mathbb{P}^{3}$
$X:=S^{2}\mathbb{P}^{3}\cap \mathbb{P}(L^{\perp})$
$X$ Enriques Reye Enriques
$\mathbb{P}(S^{2}\mathcal{U})$ $Y$ $\mathbb{P}(L)\simeq \mathbb{P}^{3}$ $\mathscr{Y}$
$Y$ Artin-Mumford quartic double solid $L$
4 $\mathscr{H}\cap \mathbb{P}(L)$ 10 $ODP$ $Y$ 10
ODP $X$ $Y$ cohomological
Enriques Brauer 2-torsion $Y$





$\tilde{Y}arrow Y$ $(F_{i}\simeq \mathbb{P}^{1}\cross \mathbb{P}^{1}),$ $\iota_{i}:F_{i}\hookrightarrow\tilde{Y}$
$\mathcal{D}^{b}(\tilde{Y})=\langle\iota_{1*}\mathcal{O}_{F_{1}}(-1, -1), \ldots, \iota_{10*}\mathcal{O}_{F_{8}}(-1, -1), \mathcal{D}_{Y}\rangle$
$\mathcal{D}_{Y}$ ( Kuznetsov $\mathcal{D}^{b}(Y)$
$\mathcal{O}_{Y}$- $\mathcal{R}$ $\mathcal{D}_{Y}\simeq \mathcal{D}^{b}(Y,\mathcal{R})$
$\mathcal{D}^{b}(Y,\mathcal{R})$ )
$\mathcal{D}_{Y}=\langle \mathcal{D}^{b}(X), \mathcal{O}_{Y}(1), \mathcal{O}_{Y}(2)\rangle$
[3] $r=3$ $z$
$\mathcal{D}^{b}(Z)$ $\mathcal{D}^{b}(X)$ 15, $Zarrow Y$
$\mathbb{P}^{1}$ $(Y$ 10 ODP $2$ 2
$\mathbb{P}^{2}2$ 1 )
[2] [9] Calabi-Yau
$S^{2}\mathbb{P}^{3}$ $\mathscr{Y}$ $HPD$ $\mathcal{K}$ $HPD$
$\mathcal{K}$ 6
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